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INTRODUCTION

External	cervical	 resorption	(ECR)	 is	an	aggressive	 form	
of	invasive	root	resorption	at	the	enamel–	cementum	junc-
tion	 that	 if	 untreated	 leads	 to	 substantial	 loss	 of	 tooth	
tissue	 and	 eventually	 pulp,	 periodontal	 and	 periapical	
diseases	that	will	ultimately	lead	to	tooth	loss	[1–	3].	The	
same	 resorptive	 process	 may	 also	 occur	 in	 the	 crown	 or	
other	portions	of	roots	[2].

ECR	 has	 been	 attributed	 to	 various	 predisposing	 fac-
tors,	including	trauma,	orthodontic	treatment,	parafunc-
tional	 habits,	 occlusal	 dysfunction,	 coronal	 bleaching,	
poor	 oral	 health,	 periodontal	 treatment,	 developmental	
and	eruption	disorders	and	viral	infections	[1,	4–	7].	While	
the	aetiology	and	pathogenesis	of	 this	process	 is	not	en-
tirely	 understood,	 inflammation	 is	 a	 prerequisite	 for	
the	 initiation	of	resorption	[8].	 It	has	been	hypothesised	
that	ECR	is	initiated	by	the	absence	of	or	damage	to	the	
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Abstract
This	 review	 investigated	 whether	 any	 therapeutic	 options	 influenced	 the	 outcome	
of	treatment	for	teeth	with	external	cervical	resorption.	Out	of	870	articles	identified	
by	an	electronic	search,	60	clinical	case	reports	and	six	case	series	were	included.	No	
randomised	clinical	trials	were	found.	Risk	of	bias	was	assessed	using	Joanna	Briggs	
Institute's	 tools.	 External	 surgical	 intervention	 was	 the	 preferred	 method	 of	 access-
ing	 the	 lesions.	Removal	of	 resorptive	 tissue	was	most	often	achieved	mechanically.	
Bioactive	endodontic	cements	were	the	preferred	materials	for	restoring	teeth.	The	out-
come	measures	were	based	on	clinical	and	radiographic	parameters.	Of	the	cases	in-
cluded	in	the	review,	no	specific	treatment	approach	had	a	superior	outcome	in	relation	
to	Heithersay's	classification.	Furthermore,	due	to	the	absence	of	randomised	clinical	
trials,	and	the	low	level	of	evidence	associated	with	case	reports/case	series,	it	was	not	
possible	to	define	the	optimum	clinical	treatment	for	external	cervical	resorption.
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external	protective	cementum	layer	located	below	the	ep-
ithelial	attachment	at	the	cervical	region	of	the	tooth	[9,	
10].	This	could	occur	due	to	a	developmental	gap	in	the	
cemento-	enamel	 junction	 (CEJ)	 or	 following	 trauma	 to	
the	pre-	cementum	[4,	5].	The	unprotected	dentine	surface	
of	the	root	is	then	susceptible	to	clastic	cells,	which	initiate	
resorption	and	its	progression	[11].	ECR	is	a	dynamic	and	
progressive	process	during	which	the	exposed	dentine	is	
invaded	by	clastic	cells	and	progressively	replaced	by	non-	
infective	hyperplastic	invasive	fibrovascular	tissue	[1].	At	
the	 same	 time,	 apposition	 and	 remodelling	 of	 bone-	like	
tissues	can	also	occur	[11–	13],	for	this	reason,	the	nature	
of	ECR	is	considered	not	only	 to	be	destructive	but	also	
reparative	[11].	The	resorptive	lesions	have	been	reported	
to	 have	 one	 or	 several	 portals	 of	 entry	 into	 the	 dentine,	
while	the	dental	pulp	is	‘protected’	by	the	formation	of	a	
peri-	canalar	resorption-	resistant	sheet	(PRRS),	consisting	
of	odontoblastic	and	predentine	layers	that	limit	and	delay	
the	progression	of	 the	 lesion	towards	the	root	canal	[11,	
12,	14].	In	the	later	stages,	the	resorptive	process	reaches	
the	pulp	space,	and	pulpitis	and	ultimately	pulp	necrosis	
will	 occur	 if	 no	 treatment	 is	 initiated.	 Simultaneously,	
periodontal	problems	arise	which	may	lead	to	tooth	loss	
[1,	11,	14–	16].

The	clinical	appearance	of	ECR	ranges	from	resorp-
tive	defects	at	 the	gingival	margin	 to	pink	coronal	dis-
coloration	of	 the	 tooth.	ECR	 is	 typically	asymptomatic	
until	pulpal	or	periodontal	symptoms	develop.	Because	
of	the	lack	of	a	pathognomonic	clinical	pattern,	the	de-
finitive	diagnosis	of	ECR	depends	on	 radiographic	 im-
aging	[17].	The	radiographic	features	of	ECR	vary	from	
well-	delineated	to	irregularly	bordered	mottled	radiolu-
cency	[16,	18].

Heithersay	[4]	 (H)	 introduced	the	 first	clinical	classi-
fication	 for	 ECR	 consisting	 of	 four	 groups	 based	 on	 the	
location,	size,	proximity	to	the	pulp	chamber	and	degree	
of	invasion	into	the	root:

Class	1	(H1),	small	cervical	lesion	with	shallow	pene-
tration	into	the	dentine;
Class	 2	 (H2),	 well-	defined	 lesion	 that	 has	 penetrated	
close	to	the	pulp	chamber,	with	little	or	no	extension	to	
radicular	dentine;
Class	 3	 (H3),	 lesion	 deeply	 extended	 to	 the	 coronal	
third	of	the	root	dentine;	and.
Class	4	(H4),	large	lesion	extending	beyond	the	coronal	
third	of	the	root.

Following	 the	 introduction	 of	 cone-	beam	 computed	
tomography	 (CBCT),	 Patel	 et	 al.	 [6]	 proposed	 a	 three-	
dimensional	 classification	 of	 ECR	 that	 significantly	
improves	diagnostic	accuracy	and	assists	clinicians	in	as-
sessing	the	treatment	outcome	[19].	This	classification	(P)	
is	based	on:

Height	of	the	lesion	(1	=	supracrestal,	2	=	subcrestal	in	
the	coronal	third	of	the	root,	3	=	subcrestal	in	the	mid-
dle	third	of	the	root,	4	=	subcrestal	 in	the	apical	third	
of	the	root);
Circumferential spread	 of	 the	 defect	 (A	=	≤90°,	
B	=	≤180°,	C	=	≤	270°,	D	=	>270°);	and
Proximity	of	the	lesion	to	the	root	canal	(d	=	lesion	con-
fined	to	dentine,	p	=	probable	pulpal	involvement).

Moreover,	 the	 authors	 suggested	 that	 additional	 ele-
ments	related	to	the	entry	point	of	the	lesion	(i.e.	accessi-
bility,	size	and	vertical	extension	along	the	root)	should	be	
considered	during	treatment	planning	[6].

A	 range	 of	 therapeutic	 options	 have	 been	 proposed	
for	teeth	with	ECR	[4,	20,	21].	The	European Society of 
Endodontology	Position	Statement	[7]	listed	several	po-
tential	 options	 ranging	 from	 external	 repair,	 internal	
repair,	 intentional	 replantation,	 periodic	 review	 and	
extraction,	while	a	recent	overview	[22]	discussed	a	list	
of	treatment	choices,	comprising	external	repair,	inter-
nal	 repair,	 palliative	 treatment	 and	 extraction.	 How-
ever,	no	standard	protocol	for	the	treatment	of	ECR	has	
been	proposed	[23]	and	no	formal	and	globally	accepted	
guidelines	 have	 been	 developed	 that	 link	 the	 various	
therapeutic	approaches	to	specific	clinical	situations	in-
volving	ECR.

The	 treatment	 objectives	 focus	 on	 removing	 the	 re-
sorbing	ECR	tissue,	preventing	its	reoccurrence,	retaining	
tooth	 structure	 and	 the	 restoration	 of	 the	 tooth	 to	 re-	
establish	function	and	aesthetics	[24].

It	is	generally	accepted	that	the	proper	management	of	
ECR	is	dependent	on	the	patient's	chief	complaint	[6].	and	
on	 the	accurate	evaluation	of	 the	 lesion,	with	 treatment	
options	based	on	the	location	and	extent	of	the	lesion	and	
its	accessibility	[6,	23].

Currently,	the	prognosis	of	ECR	lesions	following	treat-
ment	is	supported	by	limited	scientific	evidence	based	on	
its	 classification	 [25,	 26].	 In	 1999	 the	 Heithersay	 bench-
mark	 paper	 [27]	 documented	 the	 first	 prospective	 exten-
sive	study	of	the	management	of	ECR	in	101	teeth	using	a	
standardised	technique	based	on	the	four	H	classes,	with	a	
minimum	follow-	up	of	3	years.	It	was	concluded	that	the	
treatment	 regimen	was	successful	 in	class	1	and	2	cases,	
reasonably	successful	in	class	3	(77.8%)	and	mostly	not	suc-
cessful	in	class	4	cases	(12.5%).	The	outcome	of	ECR	treat-
ment,	to	date,	has	not	been	assessed	in	relation	to	local	and	
treatment-	related	factors.	Moreover,	the	European Society 
of Endodontology	 Position	 Statements	 identified	 limited	
evidence	regarding	ECR	treatment	outcomes,	defining	the	
ECR	management	options	as	still experimental	[4,	7].

This	review	used	a	systematic	approach	to	identify	and	
investigate	 whether	 any	 therapeutic	 options	 influenced	
the	outcome	of	restorative	treatment	of	ECR	lesions	in	a	
general	population	of	patients,	as	the	first	step	towards	the	
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design	of	new	prospective	studies	to	provide	definite	treat-
ment	guidelines	in	the	future.

MATERIALS AND METHODS

Protocol and registration

The	 protocol	 of	 this	 systematic	 review	 was	 registered	
in	 PROSPERO	 with	 the	 Centre	 for	 Reviews	 and	
Disseminations	at	the	University	of	York	under	the	code	
CRD42021225267.	The	review	was	reported	according	to	
the	Preferred	Reporting	Items	for	Systematic	Reviews	and	
Meta-	Analyses	(PRISMA)	guidelines	[28].

Information sources, search and 
selection of the reports

A	 systematic	 electronic	 search	 was	 conducted	 in	 the	
PubMed	 Medline,	 Scopus	 and	 Web	 of	 Science	 databases	
independently	by	two	reviewers	(C.O.	and	G.B.),	including	
articles	 published	 from	 inception	 to	 January	 2023.	
Disagreements	 between	 the	 two	 reviewers	 were	 resolved	
by	team	discussion	or	by	the	help	of	third	reviewer	(E.C.).	
The	 search	 strategy	 comprised	 the	 following	 keywords	
coupled	 with	 Boolean	 operators	 to	 develop	 the	 following	
research	algorithm:	“cervical	resorption”	AND	(“invasive”	
OR	 “external”	 OR	 “idiopathic”)	 AND	 (“treatment”	 OR	
“therapy”	OR	“management”	OR	“approach”).	Additionally,	
a	manual	search	of	the	reference	lists	of	relevant	reports	was	
performed	to	identify	additional	eligible	articles.

Research question

The	 research	 question	 was	 formulated	 in	 the	 following	
manner:	 ‘Does	 the	 choice	 of	 the	 external	 rather	 than	
internal	 and	 combined	 therapeutic	 approach	 influence	
the	outcome	of	ECR,	in	a	general	population	of	patients,	
as	a	function	of	the	clinical	and/or	radiographic	criteria?’

The	treatments	chosen	to	manage	ECR,	once	diagnosed,	
were	considered	the	main	outcomes.	Consequently,	to	ad-
dress	the	focused	question	(PICO)	in	detail	this	was	divided	
into	three	sub-	questions	that	were	formulated	as	follows:

Among	 the	 approaches	 used	 to	 treat	 ECR,	 which	
one	has	shown	the	better	outcome,	 in	relation	 to	 the	
Heithersay	classification?
Among	 the	 methods	 used	 to	 remove/inactivate	 the	
resorptive	 tissue,	 which	 one	 has	 shown	 the	 better	
outcome,	in	relation	to	the	approach	chosen,	and	the	
Heithersay	classification?

Among	 the	 materials	 used	 to	 restore	 the	 access	 and	
repair	 the	 defect,	 which	 one	 has	 shown	 the	 better	
outcome,	 in	relation	to	the	approach	chosen,	and	the	
Heithersay	classification?

Selection criteria

The	inclusion	criteria	were:

1.	 Clinical	 reports	 in	 humans	 with	 ECR	 that	 described	
the	 therapeutic	 management	 of	 the	 lesions	 in	 detail.

2.	 Clinical	reports	published	in	English.
3.	 Reports	available	in	full	text.
4.	 Clinical	 reports	 describing	 follow-	ups	 and	 outcome	

measures,	after	a	minimum	period	of	12	months.

The	exclusion	criteria	were:

1.	 Reports	 examining	 tooth	 resorptions	 that	 were	 not	
ECR.

2.	 Reports	 that	 did	 not	 describe	 the	 therapeutic	
management	of	ECR.

3.	 Reports	that	did	not	specify	the	size	and	extensions	of	
the	resorptive	defect,	according	to	either	the	Heithersay	
or	Patel	classifications,	and	for	which	Heithersay's	clas-
sification	could	not	be	assigned	by	the	reviewers.

4.	 Preclinical	and	laboratory	reports.
5.	 Reports	 that	 did	 not	 have	 a	 minimum	 follow-	up	 of	

12	months.
6.	 Reports	that	did	not	describe	the	outcome	assessment.

Selection of case reports/series

Two	 calibrated	 investigators	 (C.O.	 and	 G.B.)	 removed	
duplicates	and	evaluated	the	records.	Upon	assessing	the	
title	and	the	abstract,	the	investigators	were	calibrated	for	
the	inclusion	criteria	using	the	first	100	manuscripts	ob-
tained	from	the	electronic	search.	The	level	of	agreement	
was	calculated	using	kappa	statistics,	and	calibration	exer-
cises	were	performed	until	a	good	level	of	agreement	was	
reached	(k-	value	of	0.96	at	the	last	examination).	The	titles	
and	the	abstracts	were	screened	for	subject	relevance.	All	
titles	and	abstracts	for	which	exclusion	criteria	could	not	
be	clearly	defined	were	selected	for	full-	text	reading.	The	
full	texts	of	the	selected	reports	were	read,	and	eligibility	
criteria	were	applied.	For	those	articles	that	did	not	report	
any	classification	of	the	lesions,	the	reviewers	assigned	the	
Heithersay	 class	 to	 the	 respective	 cases,	 where	 possible.	
Disagreements	were	resolved	by	discussion,	and	when	a	
consensus	 was	 not	 reached,	 a	 third	 reviewer	 (E.C.)	 was	
involved.
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Data extraction

Reports	satisfying	the	inclusion	criteria	were	processed	
for	data	extraction.	To	better	frame	the	aim	of	the	study	
within	 the	 general	 context	 of	 specific	 clinical	 treat-
ments,	important	background	information	was	also	ob-
tained	for	each	clinical	report,	including	authors,	year	of	
publication,	setting	of	the	clinical	treatment,	character-
istics	of	the	patients	and	teeth	treated	and	classification	
assigned	when	ECR	was	diagnosed.	Within	the	descrip-
tion	 of	 the	 therapeutic	 approach	 chosen,	 the	 methods	
and	 the	 medicaments	 used	 to	 remove/inactivate	 the	
resorptive	 lesion	and	 the	materials	used	 to	 restore	 the	
teeth	were	also	recorded.	Finally,	 follow-	up,	prognosis	
and	 outcomes	 were	 considered.	 Favourable	 outcome	
was	 described	 as	 the	 absence	 of	 symptoms	 and	 of	 ra-
diological	signs	of	no	further	progression	of	the	resorp-
tion.	 Two	 Investigators	 (C.O.	 and	 G.B.)	 were	 involved	
in	 the	 data	 extraction,	 and	 conflicts	 were	 resolved	 by	
discussion;	when	a	consensus	was	not	achieved,	a	third	
reviewer	 (E.C.)	 was	 involved.	 To	 maximise	 the	 data	
available,	 Heithersay's	 classification	 was	 assigned	 by	
the	 authors	 in	 all	 the	 cases	 which	 were	 not	 classified	
(i.e.	when	the	necessary	information	was	available)	and	
in	those	cases	which	used	Patel's	classification.

Quality assessment

The	quality	of	 the	 included	reports	was	analysed	by	 two	
reviewers	independently	(C.O.	and	G.B.)	using	the	Joanna	
Briggs	 Institute	 case	 reports	 and	 case	 series	 appraisal	
checklist	 for	 inclusion	 in	 systematic	 reviews	 [29,	 30].	 In	
case	of	disagreements	during	quality	assessment,	a	 third	
reviewer	(E.C.)	provided	a	final	decision.	Quality	appraisal	
checklists	were	used	to	elaborate	a	scoring	system,	where	
each	item	was	scored	as	0	if	the	item	was	not	fulfilled,	0.5	if	
partially	fulfilled,	or	1	if	the	item	was	completely	fulfilled.	
Publications	with	an	overall	score	≤3	were	considered	as	
‘low’	 quality,	 those	 with	 a	 score	 between	 3	 and	 6	 were	
classified	as	‘moderate’	quality,	while	publications	with	a	
score	≥6.5	were	considered	as	‘high’	quality.

RESULTS

Selection of publications

The	search	yielded	a	total	of	870	manuscripts.	After	re-
moving	 duplicates,	 425	 articles	 were	 screened	 using		
the	 eligibility	 criteria.	 According	 to	 the	 inclusion		
criteria,	139	articles	were	eligible	for	full-	text	assessment.	
After	reading,	 the	 full	 text	73	papers	were	excluded	for	

various	reasons	(Table S1)	and	66	articles	were	included	
(Figure 1):	60	clinical	case	reports	(CR)	and	six	case	se-
ries	(CS);	no	randomised	clinical	trials	were	found.

Quality of the included case reports/series

The	Quality	of	 the	 included	case	reports	and	case	series	
are	 presented	 in	 Tables  S2	 and	 S3,	 respectively.	 Among	
the	66	articles,	34	were	classified	as	‘moderate’	and	32	as	
‘high’	quality.

Characteristics of the included case 
reports/series

Based	 on	 the	 distribution	 of	 the	 included	 reports	 over	
time,	most	were	published	between	2010	and	2022	(85%;	
Table 1).	Information	was	obtained	from	66	articles,	which	
reported	95	teeth	with	ECR	in	80	patients,	who	were	al-
most	 always	 treated	 in	 university	 environments	 (94%),	
with	only	a	few	patients	seen	in	military	hospitals	(1%)	or	
private	practices	(5%).	Cases	were	distributed	similarly	be-
tween	men	and	women,	with	an	average	age	of	33.51	years	
at	 the	time	of	ECR	diagnosis;	however,	 it	was	not	possi-
ble	to	obtain	information	on	the	ethnicity	of	the	patients.	
Heithersay's	(H)	classification	alone	was	the	one	used	in	
the	majority	of	 reports	 (74%),	 [27],	 followed	by	 the	clas-
sification	by	Patel	et	al.	(P)	alone	[6]	(2%),	or	by	merging	
both	H	and	P	(6%).	Maxillary	central	incisors,	mandibular	
molars,	 maxillary	 canines	 and	 maxillary	 lateral	 incisors	
were	reported	most	often,	followed	by	mandibular	premo-
lars	and	canines,	maxillary	molars,	and,	in	a	much	lower	
percentage,	maxillary	premolars	and	mandibular	central	
and	lateral	incisors	(Table 1).

Outcomes

The	outcome	measures	were	based	on	the	following	clin-
ical	and	radiographic	criteria:	physiological	or	stable	per-
iodontal	probing	depth	in	the	area	of	the	defect,	absence	
of	clinical	signs	indicating	progression	of	the	disease,	re-
ported	in	86	cases	(91%);	absence	of	radiographic	signs	of	
the	progression	of	the	disease	within	the	observed	tooth,	
reported	in	82	cases	(86%),	(Table 1).

Among	 the	 95	 cases/teeth	 treated	 there	 were	 35	 H2,	
37	H3	and	23	H4,	the	recall	periods	were	between	12	and	
324	months,	with	an	average	of	36.38	months	(Table 1).

Ninety-	four	 teeth	 (99%)	 were	 functional	 and	 had	 no	
signs	of	progression	of	the	disease	at	the	recall,	one	case	
(H3)	was	extracted	(Table 1)	180.5	months	after	its	exter-
nal	surgical	treatment	due	to	vertical	root	fracture.
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Answer	to	the	main	question

Does the choice of the external rather than internal and 
combined therapeutic approach influence the outcome of 
ECR, in a general population of patients, as a function of 
the clinical and radiographic criteria?

External	approaches	to	treat	the	lesions	included	non-	
surgical	external	access,	 the	 reflection	of	a	 surgical	 flap,	
orthodontic	extrusion	and	intentional	reimplantation.

An	 external	 access	 with	 a	 surgical	 flap	 was	 reported	
most	 frequently	 (61%),	 with	 a	 lower	 percentage	 of	 cases	
being	 treated	using	external	non-	surgical	access	 (7%),	or-
thodontic	extrusion	(7%)	and	intentional	replantation	(5%).

An	internal	approach,	that	is	a	non-	surgical	approach	
to	access	the	resorptive	tissue	and	its	mechanical	and/or	
chemical	removal	through	root	canal	treatment	[21],	was	
documented	in	34%	of	the	treatments.

A	combined	approach,	defined	as	the	combination	of	
internal	 and	 external	 (surgical	 and	 non-	surgical)	 thera-
peutic	access,	was	described	in	5%	of	the	reports.

Since	99%	of	the	cases	included	in	this	review	claimed	
a	 favourable	 outcome	 after	 a	 minimum	 follow-	up	 of	
12	months,	no	treatment	approach	was	associated	with	a	
superior	clinical	and	radiographic	outcome.

Answers	to	the	focused	questions

Among the approaches used to treat ECR, which one has 
shown the better outcome, in relation to the Heithersay 
classification?

In	 H2	 and	 H3	 defects,	 the	 treatment	 reported	 most	
often	was	external	surgical	(58%	and	60%,	respectively),	
followed	 by	 internal	 (18%	 and	 30%,	 respectively),	
whereas	H4	lesions	were	mostly	managed	via	an	inter-
nal	 access	 (61%),	 followed	 by	 external	 surgical	 access	
(26%;	Table S4).

Since	99%	of	the	cases	included	in	this	review	claimed	
a	 favourable	 outcome	 after	 a	 minimum	 follow-	up	 of	
12	months,	no	treatment	approach	was	associated	with	a	
superior	clinical	and	radiographic	outcome,	in	relation	to	
Heithersay's	classification.

Among the methods used to remove/inactivate the re-
sorptive tissue, which one has shown the better outcome, 
in relation to the approach chosen, and the Heithersay 
classification?

The	techniques	used	to	remove	the	pathologic	tissue	
are	shown	in	Table 1.	Mechanical	removal	of	the	resorp-
tive	 tissue	 with	 a	 bur,	 without	 complementary	 use	 of	
a	 chemical/medicament	 was	 reported	 most	 frequently	

F I G U R E  1  PRISMA	flow	diagram.	
From:	Page	et	al.	[28].	For	more	
information,	visit:	http://www.prisma-	
state	ment.org/. Records identified from: 

Databases (n = 870) 
Pubmed (n = 364) 
Scopus (n= 281) 
Web of Science (n = 225) 

Records removed before 
screening:

Duplicate records removed  
(n = 445) 
Records removed for other 
reasons (n = 0) 

Records screened 
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Records excluded 
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Reports sought for retrieval 
(n = 145) 

Reports not retrieved 
(n = 6) 

Reports assessed for eligibility 
(n = 139) 

Reports excluded: 
(n = 73) 

Reason 1 (n = 10) 
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Reason 3 (n = 14) 
Reason 4 (n = 4) 
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Reason 6 (n = 18) 
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6 |   BARDINI et al.

T A B L E  1 	 Characteristics	of	the	included	studies,	divided	by	the	individual	cases	reported	(in	chronological	order).

Authors Patient Age Gender Tooth Classification
Treatment 
Approach Removal of resorption Filling material/s

Medical and 
dental history

Intraoral clinical 
examination

2D 
X- rays

3D 
X- rays

Clinical 
follow- up

Rx 
follow- up

Follow- up 
(months) Outcome

Asgary,	2022	[75] A 27 F 35 H:	4 Ext	surg EXC CEMC Yes Part Yes Yes Yes Yes 12 Suc

Tavares	et	al.,	2021	[59] A 41 M 21 H:	4 Int	+	ext EXC	+	PHTDYN GIC Part Part Yes Yes Yes Yes 60 Suc

Bachesk	et	al.,	2021	[76] A 51 F 21 H:	2 Ext	surg EXC RMGIC Yes Part Yes Yes Yes Yes 14 Suc

Howait	et	al.,	2021	[41] A 26 F 15 H:	3	+
P:	3Cp

Int EXC	+	2,5%	NaOCl MTA Yes Yes Yes Yes Yes Yes 12 Suc

Agrawal	and	Kapoor,	2020	[58] A 35 F 11 H:	4 Int	+	ext EXC	+	90%	TCA BIOD Yes Part Yes Yes Yes Yes 12 Suc

Gión-	Guerra	et	al.,	2021	[77] A 50 Ns 35 H:	2 Ext	surg EXC	+	CHX MTA Part Part Yes No Yes No 36 Suc

B 61 Ns 22 H:	2 Ext	surg EXC MTA Part No No No Yes No 24 Suc

C 62 Ns 12 H:	2 Ext	surg EXC BIOD Part No No No Yes No 36 Suc

Neto	et	al.,	2020	[43] A 21 M 46 H*:	2	+
P:	2Ap

Int EXC MTA	+	GIC No Part Yes Yes Yes Yes 20 Suc

Sarmento	et	al.,	2020	[62] A 28 M 11 H*:	4 Int Ca(OH)2	PT MTA Yes Part Yes No No Yes 72 Suc

Tonini	et	al.,	2020	[40] A 17 M 37 H:	3	+
P:	3Dp

Int EXC MTA Yes Yes Yes Yes Yes Yes 48 Suc

B 17 F 33 H:	3	+
P:	2Bp

Ext	surg EXC SUPER	EBA Yes Part Yes Yes Yes Yes 24 Suc

C 12 F 12 H:	2	+	P:1	Bd Ext	surg EXC CA(OH)2	PT	+	COMP	RES Yes Part Yes Yes Yes Yes 12 Suc

D 52 F 33 H:	3	+
P:	3Cp

Int NS MTA Yes Yes Yes Yes Yes Yes 12 Suc

Aljarbou,	2019	[78] A 70 M 23 H:	3 Ext	surg EXC AMALGAM Part Part Yes No Yes No 60 Suc

Alqedairi,	2019	[79] A 21 F 26 H:	3 Int EXC	+	Ca(OH)2	PT MTA Yes Part Yes Yes Yes Yes 12 Suc

Asgary	et	al.,	2019	[56] A 45 F 36 H:	3 Int EXC CEMC Part Part Yes No Yes Yes 12 Suc

B 32 M 36 H:	2 Int EXC CEMC Part Part Yes No Yes Yes 36 Suc

C 29 F 17 H:	2 Int EXC CEMC Part Part Yes No Yes Yes 30 Suc

D 36 F 37 H:	3 Int EXC CEMC Part Part Yes No Yes Yes 12 Suc

E 27 F 46 H:	4 Int EXC CEMC Part Part Yes No Yes Yes 16 Suc

F 28 M 46 H:	4 Int EXC CEMC Part Part Yes No Yes Yes 12 Suc

Ehlinger	et	al.,	2019	[32] A 15 F 21 H:	2 Ext	surg EXC COMP	RES Part Part Yes Yes Yes Yes 36 Suc

B 27 F 23 H:	3 Int EXC BIOD Part Part Yes Yes Yes Yes 18 Suc

C 30 F 16 H:	4 Ext	surg EXC CR	+	CROWN Part Part Yes Yes Yes Yes 12 Suc

D 25 F 12 H:	4 Int EXC BIOD No Part Yes Yes Yes Yes 18 Suc

Krug	et	al.,	2019	[42] A 37 M 11 H*:	2	+	2Ap Int	rep EXC COMP	RES Yes Part Yes Yes Yes Yes 30 Suc

Espona	et	al.,	2018	[23] A 17 M 12 H:	2	+	O:	E Ext:	o	+	s EXC	+	90%	TCA COMP	RES No Part Yes Yes Yes Yes 84 Suc

B 33 F 31 H:	4	+	O:	I Int EXC	+	Ca(OH)2 GP	+	RBS	+	FC No Part Yes Yes Yes Yes 36 Suc

C 32 F 11 O:	N Int	rep EXC	+	90%	TCA COMP	RES No Part Yes Yes Yes Yes 24 Suc

Halboub	et	al.,	2018	[64] A 18 F 36 H:	3 Int EXC	+	6%	NaOCl RMGIC Yes Part Yes Yes Yes Yes 24 Suc

Mehra	et	al.,	2018	[80] A 43 M 23 H:	3 Ext	surg EXC	+	17%	EDTA BIOD Part Part Yes Yes No Yes 48 Suc

Nagahara	et	al.,	2018	[39] A 68 F 36 H:	3	+
P:	3Bp

Ext	surg EXC MTA	+	GIC Part Yes Yes Yes Yes Yes 36 Suc

Patni	et	al.,	2018)	[81] A 22 M 12 H:	4 Int EXC BIOD Part Part Yes Yes No Yes 60 Suc

Eftekhar	et	al.,	2017	[82] A 51 F 33 H:	3 Ext	surg EXC	+	90%	TCA BIOD Part Part Yes Yes Yes Yes 24 Suc

Fernandes	et	al.,	2017	[83] A 21 F 12 H:	3 Ext	surg EXC	+	90%	TCA MTA	+	RMGIC	+	CR Yes Part Yes Yes Yes Yes 12 Suc

Heithersay	et	al.,	2017	[49] A 38 F 12 H*:	2 Ex	no	sur EXC	+	90%	TCA GIC Yes Part Yes No Yes Yes 324 Suc

Michelotto	et	al.,	2017	[46] A 31 F 14 H*:	3 Ext:	o	+	s EXC	+	MTA MTA Part Part Yes Yes Yes Yes 24 Suc

Reston	et	al.,	2017	[47] A 65 Ns 11 H*:	4 Ext:	o	+	s EXC RMGIC Part Part Yes No No Yes 180 Suc
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   | 7MANAGEMENT OF ECR, A SYSTEMATIC REVIEW

T A B L E  1 	 Characteristics	of	the	included	studies,	divided	by	the	individual	cases	reported	(in	chronological	order).

Authors Patient Age Gender Tooth Classification
Treatment 
Approach Removal of resorption Filling material/s

Medical and 
dental history

Intraoral clinical 
examination

2D 
X- rays

3D 
X- rays

Clinical 
follow- up

Rx 
follow- up

Follow- up 
(months) Outcome

Asgary,	2022	[75] A 27 F 35 H:	4 Ext	surg EXC CEMC Yes Part Yes Yes Yes Yes 12 Suc

Tavares	et	al.,	2021	[59] A 41 M 21 H:	4 Int	+	ext EXC	+	PHTDYN GIC Part Part Yes Yes Yes Yes 60 Suc

Bachesk	et	al.,	2021	[76] A 51 F 21 H:	2 Ext	surg EXC RMGIC Yes Part Yes Yes Yes Yes 14 Suc

Howait	et	al.,	2021	[41] A 26 F 15 H:	3	+
P:	3Cp

Int EXC	+	2,5%	NaOCl MTA Yes Yes Yes Yes Yes Yes 12 Suc

Agrawal	and	Kapoor,	2020	[58] A 35 F 11 H:	4 Int	+	ext EXC	+	90%	TCA BIOD Yes Part Yes Yes Yes Yes 12 Suc

Gión-	Guerra	et	al.,	2021	[77] A 50 Ns 35 H:	2 Ext	surg EXC	+	CHX MTA Part Part Yes No Yes No 36 Suc

B 61 Ns 22 H:	2 Ext	surg EXC MTA Part No No No Yes No 24 Suc

C 62 Ns 12 H:	2 Ext	surg EXC BIOD Part No No No Yes No 36 Suc

Neto	et	al.,	2020	[43] A 21 M 46 H*:	2	+
P:	2Ap

Int EXC MTA	+	GIC No Part Yes Yes Yes Yes 20 Suc

Sarmento	et	al.,	2020	[62] A 28 M 11 H*:	4 Int Ca(OH)2	PT MTA Yes Part Yes No No Yes 72 Suc

Tonini	et	al.,	2020	[40] A 17 M 37 H:	3	+
P:	3Dp

Int EXC MTA Yes Yes Yes Yes Yes Yes 48 Suc

B 17 F 33 H:	3	+
P:	2Bp

Ext	surg EXC SUPER	EBA Yes Part Yes Yes Yes Yes 24 Suc

C 12 F 12 H:	2	+	P:1	Bd Ext	surg EXC CA(OH)2	PT	+	COMP	RES Yes Part Yes Yes Yes Yes 12 Suc

D 52 F 33 H:	3	+
P:	3Cp

Int NS MTA Yes Yes Yes Yes Yes Yes 12 Suc

Aljarbou,	2019	[78] A 70 M 23 H:	3 Ext	surg EXC AMALGAM Part Part Yes No Yes No 60 Suc

Alqedairi,	2019	[79] A 21 F 26 H:	3 Int EXC	+	Ca(OH)2	PT MTA Yes Part Yes Yes Yes Yes 12 Suc

Asgary	et	al.,	2019	[56] A 45 F 36 H:	3 Int EXC CEMC Part Part Yes No Yes Yes 12 Suc

B 32 M 36 H:	2 Int EXC CEMC Part Part Yes No Yes Yes 36 Suc

C 29 F 17 H:	2 Int EXC CEMC Part Part Yes No Yes Yes 30 Suc

D 36 F 37 H:	3 Int EXC CEMC Part Part Yes No Yes Yes 12 Suc

E 27 F 46 H:	4 Int EXC CEMC Part Part Yes No Yes Yes 16 Suc

F 28 M 46 H:	4 Int EXC CEMC Part Part Yes No Yes Yes 12 Suc

Ehlinger	et	al.,	2019	[32] A 15 F 21 H:	2 Ext	surg EXC COMP	RES Part Part Yes Yes Yes Yes 36 Suc

B 27 F 23 H:	3 Int EXC BIOD Part Part Yes Yes Yes Yes 18 Suc

C 30 F 16 H:	4 Ext	surg EXC CR	+	CROWN Part Part Yes Yes Yes Yes 12 Suc

D 25 F 12 H:	4 Int EXC BIOD No Part Yes Yes Yes Yes 18 Suc

Krug	et	al.,	2019	[42] A 37 M 11 H*:	2	+	2Ap Int	rep EXC COMP	RES Yes Part Yes Yes Yes Yes 30 Suc

Espona	et	al.,	2018	[23] A 17 M 12 H:	2	+	O:	E Ext:	o	+	s EXC	+	90%	TCA COMP	RES No Part Yes Yes Yes Yes 84 Suc

B 33 F 31 H:	4	+	O:	I Int EXC	+	Ca(OH)2 GP	+	RBS	+	FC No Part Yes Yes Yes Yes 36 Suc

C 32 F 11 O:	N Int	rep EXC	+	90%	TCA COMP	RES No Part Yes Yes Yes Yes 24 Suc

Halboub	et	al.,	2018	[64] A 18 F 36 H:	3 Int EXC	+	6%	NaOCl RMGIC Yes Part Yes Yes Yes Yes 24 Suc

Mehra	et	al.,	2018	[80] A 43 M 23 H:	3 Ext	surg EXC	+	17%	EDTA BIOD Part Part Yes Yes No Yes 48 Suc

Nagahara	et	al.,	2018	[39] A 68 F 36 H:	3	+
P:	3Bp

Ext	surg EXC MTA	+	GIC Part Yes Yes Yes Yes Yes 36 Suc

Patni	et	al.,	2018)	[81] A 22 M 12 H:	4 Int EXC BIOD Part Part Yes Yes No Yes 60 Suc

Eftekhar	et	al.,	2017	[82] A 51 F 33 H:	3 Ext	surg EXC	+	90%	TCA BIOD Part Part Yes Yes Yes Yes 24 Suc

Fernandes	et	al.,	2017	[83] A 21 F 12 H:	3 Ext	surg EXC	+	90%	TCA MTA	+	RMGIC	+	CR Yes Part Yes Yes Yes Yes 12 Suc

Heithersay	et	al.,	2017	[49] A 38 F 12 H*:	2 Ex	no	sur EXC	+	90%	TCA GIC Yes Part Yes No Yes Yes 324 Suc

Michelotto	et	al.,	2017	[46] A 31 F 14 H*:	3 Ext:	o	+	s EXC	+	MTA MTA Part Part Yes Yes Yes Yes 24 Suc

Reston	et	al.,	2017	[47] A 65 Ns 11 H*:	4 Ext:	o	+	s EXC RMGIC Part Part Yes No No Yes 180 Suc

(Continues)
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8 |   BARDINI et al.

Authors Patient Age Gender Tooth Classification
Treatment 
Approach Removal of resorption Filling material/s

Medical and 
dental history

Intraoral clinical 
examination

2D 
X- rays

3D 
X- rays

Clinical 
follow- up

Rx 
follow- up

Follow- up 
(months) Outcome

Lima	et	al.,	2017	[84] A 30 F 21 H:	2 Ext	surg EXC RMGIC Part Part Yes Yes Yes Yes 18 Suc

Shemesh	et	al.,	2017	[53] A 22 M 21 H:	4 Int EXC	+	NaOCl	+	Ca(OH)2 GP	+	RBS Yes Yes Yes Yes Yes Yes 50 Suc

B 44 M 21 H:	4 Int EXC	+	NAOCL	+	CA(OH)2 GP	+	RBS Part Yes Yes Yes Yes Yes 36 Suc

C 37 M 23 H:	4 Int EXC	+	NaOCl	+	Ca(OH)2 GP	+	RBS Yes Yes Yes Yes Yes Yes 36 Suc

D 41 F 21 H:	4 Int EXC	+	NaOCl	+	Ca(OH)2 GP	+	RBS Part Yes Yes Yes Yes Yes 36 Suc

Tsaousoglou	et	al.,	2017	[85] A 44 F 11 H:	3 Ext	surg EXC MTA	+	GIC Yes Yes Yes No Yes Yes 36 Suc

B 58 F 21 H:	2 Ext	surg EXC MTA	+	GIC Yes Yes Yes No Yes Yes 36 Suc

Asgary	and	Nosrat,	2016	[55] A 28 F 42 H:	4 Int EXC CEMC Part Part Yes No Yes Yes 24 Suc

Karypidou	et	al.,	2016	[51] A 20 F 11 H:	2 Ex	no	sur EXC BIOD	+	CR Yes Part Yes No Yes Yes 36 Suc

A 20 F 21 H:	3 Int EXC BIOD	+	CR Yes Part Yes No Yes Yes 36 Suc

Lo	Giudice	et	al.,	2016	[86] A 24 F 11 H:	3 Ext	surg EXC COMP	RES Yes Part Yes No Yes Yes 36 Suc

A 24 F 12 H:	2 Ext	surg EXC COMP	RES Yes Part Yes No Yes Yes 36 Suc

B Ns M 12 H:	2 Ext	surg EXC COMP	RES Yes Part Yes No Yes Yes 36 Ns

C Ns M 21 H:	3 Ext	surg EXC COMP	RES Yes Part Yes No Yes Yes 36 Ns

D Ns F 33 H:	2 Ext	surg EXC COMP	RES Yes Part Yes No Yes Yes 36 Ns

Patel	et	al.,	2016	[87] A 22 M 43 H*:	3 Int	rep EXC GIC Yes Part Yes Yes Yes Yes 18 Suc

Yoshpe	et	al.,	2016	[88] A 12 M 43 H:	3 Ext	surg EXC MTA Part Part Yes No No No 18 Suc

Asgary	and	Fazlyab,	2015	[89] A 30 M 33 H:	3 Ext	surg EXC CEMC	+	CR Part Part Yes No Yes Yes 12 Suc

Bal	et	al.,	2015	[90] A 50 F 41 H*:	2 Ext	surg EXC COMP	RES Yes Part Yes No Yes Yes 36 Suc

Bhagabati	et	al.,	2015	[91] A 20 M 21 H:	3 Ext	surg EXC	+	90%	TCA MTA Yes Part Yes No Yes Yes 36 Suc

Costa	et	al.,	2015	[92] A 28 M 13 H:	2 Ext	surg EXC BIOD	+	CR Part Part Yes No Yes Yes 36 Suc

B 38 F 13 H:	3 Int EXC	+	NaOCl	+	Ca(OH)2 BIOD Part Part Yes Yes Yes Yes 18 Suc

Krishnan	et	al.,	2015)	[93] A 32 M 11 H:	3 Ext	surg EXC RMGIC Yes Yes Yes Yes Yes Yes 18 Suc

Salzano	and	Tirone,	2015	[52] A 46 F 15 H:	4 Int EXC	+	5,25%	NaOCl	+	H2O2 MTA Part Part Yes Yes Ns Yes 18 Suc

B 22 F 27 H:	4 Int EXC MTA Part Part Yes Yes Ns Yes 12 Suc

Bharti	et	al.,	2014	[54] A 18 F 11 H:	2 Int	+	ext EXC MTA	+	GIC Part Part Yes No Yes Yes 12 Suc

Gürsoy	et	al.,	2014	[94] A 60 F 45 H*:	3 Ext	surg EXC MTA	+	CR Part Part Yes No Yes Yes 18 Suc

Harris	et	al.,	2014	[95] A 78 M 21 H:	3 Ext	surg EXC	+	90%	TCA RMGIC Part Part Yes No Yes Yes 30 Suc

Alves	et	al.,	2013	[96] A 12 F 21 H*:	2 Int	+	ext EXC MTA	+	CR Part Part Yes No Yes Yes 12 Suc

Gandi	and	Disha,	2013	[97] A 24 M 21 H*:	4 Ext	surg EXC MTA Yes Part Yes No No Yes 18 Suc

Ikhar	et	al.,	2013	[63] A 19 M 21 H:	3 Ext	surg EXC	+	5%	NaOCl	+	17%	EDTA MTA	+	CR Yes Part Yes No Yes Yes 48 Suc

Johns	et	al.,	2013	[98] A 35 M 23 H*:	4 Ext	surg EXC	+	90%	TCA CR	+	GIC Yes Yes Yes No Yes Yes 24 Suc

Tavares	et	al.,	2013	[99] A 31 M 11 H:	3 Ext	surg EXC	+	90%	TCA RMGIC Part Part Yes No Yes Yes 12 Suc

Umer	et	al.,	2013	[100] A 23 M 11 H:	2 Int Ca(OH)2	FAMILY GP	+	PCH	RCS Yes Yes Yes No Yes Yes 36 Suc

Kqiku	et	al.,	2012	[101] A 31 F 21 H:	2 Ext	surg 0,1%	CHX	+	MTA MTA	+	GIC	+	CR Part Part Yes No Yes Yes 48 Suc

Fernández	and	Rincón,	2011	
[102]

A 67 M 41 H:	4 Ext	surg EXC	+	90%	TCA MTA	+	FC Yes Part Yes Yes Yes Yes 72 Suc

Martos	et	al.,	2011	[103] A 17 F 22 H:	4 Ext	surg EXC GIC Part Yes Yes Yes Yes Yes 19 Suc

Vinothkumar	et	al.,	2011	[104] A 15 M 21 H:	2 Ext	surg TCA	90% GIC	+	CR Yes Yes Yes No Yes Yes 12 Suc

Schwartz	et	al.,	2010	[3] A 47 M 17 H*:	2 Int EXC	+	TCA COMP	RES Part Part Yes No Yes Yes 96 Suc

B 80 F 21 H*:	3 Ext	surg EXC	+	90	%TCA RMGIC Part Part Yes No Yes Yes 180,5 Ext

Estevez	et	al.,	2010	[105] A 28 M 21 H:	3 Ext	surg EXC	+	90%	TCA RMGIC Yes Part Yes Yes Yes Yes 12 Suc

Yilmaz	et	al.,	2010	[106] A 59 M 23 H*:	3 Ext	surg EXC MTA Part Yes Yes No Yes Yes 12 Suc

T A B L E  1  (Continued)
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   | 9MANAGEMENT OF ECR, A SYSTEMATIC REVIEW

Authors Patient Age Gender Tooth Classification
Treatment 
Approach Removal of resorption Filling material/s

Medical and 
dental history

Intraoral clinical 
examination

2D 
X- rays

3D 
X- rays

Clinical 
follow- up

Rx 
follow- up

Follow- up 
(months) Outcome

Lima	et	al.,	2017	[84] A 30 F 21 H:	2 Ext	surg EXC RMGIC Part Part Yes Yes Yes Yes 18 Suc

Shemesh	et	al.,	2017	[53] A 22 M 21 H:	4 Int EXC	+	NaOCl	+	Ca(OH)2 GP	+	RBS Yes Yes Yes Yes Yes Yes 50 Suc

B 44 M 21 H:	4 Int EXC	+	NAOCL	+	CA(OH)2 GP	+	RBS Part Yes Yes Yes Yes Yes 36 Suc

C 37 M 23 H:	4 Int EXC	+	NaOCl	+	Ca(OH)2 GP	+	RBS Yes Yes Yes Yes Yes Yes 36 Suc

D 41 F 21 H:	4 Int EXC	+	NaOCl	+	Ca(OH)2 GP	+	RBS Part Yes Yes Yes Yes Yes 36 Suc

Tsaousoglou	et	al.,	2017	[85] A 44 F 11 H:	3 Ext	surg EXC MTA	+	GIC Yes Yes Yes No Yes Yes 36 Suc

B 58 F 21 H:	2 Ext	surg EXC MTA	+	GIC Yes Yes Yes No Yes Yes 36 Suc

Asgary	and	Nosrat,	2016	[55] A 28 F 42 H:	4 Int EXC CEMC Part Part Yes No Yes Yes 24 Suc

Karypidou	et	al.,	2016	[51] A 20 F 11 H:	2 Ex	no	sur EXC BIOD	+	CR Yes Part Yes No Yes Yes 36 Suc

A 20 F 21 H:	3 Int EXC BIOD	+	CR Yes Part Yes No Yes Yes 36 Suc

Lo	Giudice	et	al.,	2016	[86] A 24 F 11 H:	3 Ext	surg EXC COMP	RES Yes Part Yes No Yes Yes 36 Suc

A 24 F 12 H:	2 Ext	surg EXC COMP	RES Yes Part Yes No Yes Yes 36 Suc

B Ns M 12 H:	2 Ext	surg EXC COMP	RES Yes Part Yes No Yes Yes 36 Ns

C Ns M 21 H:	3 Ext	surg EXC COMP	RES Yes Part Yes No Yes Yes 36 Ns

D Ns F 33 H:	2 Ext	surg EXC COMP	RES Yes Part Yes No Yes Yes 36 Ns

Patel	et	al.,	2016	[87] A 22 M 43 H*:	3 Int	rep EXC GIC Yes Part Yes Yes Yes Yes 18 Suc

Yoshpe	et	al.,	2016	[88] A 12 M 43 H:	3 Ext	surg EXC MTA Part Part Yes No No No 18 Suc

Asgary	and	Fazlyab,	2015	[89] A 30 M 33 H:	3 Ext	surg EXC CEMC	+	CR Part Part Yes No Yes Yes 12 Suc

Bal	et	al.,	2015	[90] A 50 F 41 H*:	2 Ext	surg EXC COMP	RES Yes Part Yes No Yes Yes 36 Suc

Bhagabati	et	al.,	2015	[91] A 20 M 21 H:	3 Ext	surg EXC	+	90%	TCA MTA Yes Part Yes No Yes Yes 36 Suc

Costa	et	al.,	2015	[92] A 28 M 13 H:	2 Ext	surg EXC BIOD	+	CR Part Part Yes No Yes Yes 36 Suc

B 38 F 13 H:	3 Int EXC	+	NaOCl	+	Ca(OH)2 BIOD Part Part Yes Yes Yes Yes 18 Suc

Krishnan	et	al.,	2015)	[93] A 32 M 11 H:	3 Ext	surg EXC RMGIC Yes Yes Yes Yes Yes Yes 18 Suc

Salzano	and	Tirone,	2015	[52] A 46 F 15 H:	4 Int EXC	+	5,25%	NaOCl	+	H2O2 MTA Part Part Yes Yes Ns Yes 18 Suc

B 22 F 27 H:	4 Int EXC MTA Part Part Yes Yes Ns Yes 12 Suc

Bharti	et	al.,	2014	[54] A 18 F 11 H:	2 Int	+	ext EXC MTA	+	GIC Part Part Yes No Yes Yes 12 Suc

Gürsoy	et	al.,	2014	[94] A 60 F 45 H*:	3 Ext	surg EXC MTA	+	CR Part Part Yes No Yes Yes 18 Suc

Harris	et	al.,	2014	[95] A 78 M 21 H:	3 Ext	surg EXC	+	90%	TCA RMGIC Part Part Yes No Yes Yes 30 Suc

Alves	et	al.,	2013	[96] A 12 F 21 H*:	2 Int	+	ext EXC MTA	+	CR Part Part Yes No Yes Yes 12 Suc

Gandi	and	Disha,	2013	[97] A 24 M 21 H*:	4 Ext	surg EXC MTA Yes Part Yes No No Yes 18 Suc

Ikhar	et	al.,	2013	[63] A 19 M 21 H:	3 Ext	surg EXC	+	5%	NaOCl	+	17%	EDTA MTA	+	CR Yes Part Yes No Yes Yes 48 Suc

Johns	et	al.,	2013	[98] A 35 M 23 H*:	4 Ext	surg EXC	+	90%	TCA CR	+	GIC Yes Yes Yes No Yes Yes 24 Suc

Tavares	et	al.,	2013	[99] A 31 M 11 H:	3 Ext	surg EXC	+	90%	TCA RMGIC Part Part Yes No Yes Yes 12 Suc

Umer	et	al.,	2013	[100] A 23 M 11 H:	2 Int Ca(OH)2	FAMILY GP	+	PCH	RCS Yes Yes Yes No Yes Yes 36 Suc

Kqiku	et	al.,	2012	[101] A 31 F 21 H:	2 Ext	surg 0,1%	CHX	+	MTA MTA	+	GIC	+	CR Part Part Yes No Yes Yes 48 Suc

Fernández	and	Rincón,	2011	
[102]

A 67 M 41 H:	4 Ext	surg EXC	+	90%	TCA MTA	+	FC Yes Part Yes Yes Yes Yes 72 Suc

Martos	et	al.,	2011	[103] A 17 F 22 H:	4 Ext	surg EXC GIC Part Yes Yes Yes Yes Yes 19 Suc

Vinothkumar	et	al.,	2011	[104] A 15 M 21 H:	2 Ext	surg TCA	90% GIC	+	CR Yes Yes Yes No Yes Yes 12 Suc

Schwartz	et	al.,	2010	[3] A 47 M 17 H*:	2 Int EXC	+	TCA COMP	RES Part Part Yes No Yes Yes 96 Suc

B 80 F 21 H*:	3 Ext	surg EXC	+	90	%TCA RMGIC Part Part Yes No Yes Yes 180,5 Ext

Estevez	et	al.,	2010	[105] A 28 M 21 H:	3 Ext	surg EXC	+	90%	TCA RMGIC Yes Part Yes Yes Yes Yes 12 Suc

Yilmaz	et	al.,	2010	[106] A 59 M 23 H*:	3 Ext	surg EXC MTA Part Yes Yes No Yes Yes 12 Suc
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10 |   BARDINI et al.

(59%),	 in	 particular	 in	 the	 external	 (69%),	 and	 com-
bined	 interventions,	while	 these	 techniques	were	used	
less	often	 in	 the	cases	managed	 internally.	Chemicals/
medicaments	were	used	to	complement	the	removal	of	
the	pathologic	tissue	in	41%	of	the	cases,	with	trichloro-
acetic	acid	(TCA)	compounds	being	most	commonly	re-
ported	(46%),	followed	by	a	combination	of	two	or	more	
chemicals	 (Table  S5).	 Calcium	 hydroxide	 and	 sodium	
hypochlorite	 were	 used	 alone	 or	 associated	 with	 other	
medicaments	(Table 1).	One	report	introduced	the	‘pho-
todynamic	 inactivation	 of	 the	 lesion’	 (Table  1).	 With	
regards	 to	 the	 H	 classifications,	 mechanical	 removal	
of	 resorptive	 tissue	 with	 a	 bur	 was	 reported	 most	 fre-
quently	for	H2	and	H3	(44%	and	36%	respectively).	When	
medicaments	were	used,	TCA,	followed	by	calcium	hy-
droxide	 were	 the	 most	 frequent	 choice	 in	 H2	 and	 H3.	
Calcium	hydroxide	was	often	used	 in	H4	 lesions,	with	

sodium	hypochlorite	being	widely	used	 in	H3	and	H4,	
also	combined	with	other	chemicals	(Table 1).

Since	99%	of	the	cases	included	in	this	review	claimed	
a	 favourable	 outcome	 after	 a	 minimum	 follow-	up	 of	
12	months,	 no	 method	 used	 to	 remove	 the	 resorptive	
tissue	was	associated	with	a	 superior	clinical	and	 radio-
graphic	outcome,	in	relation	to	the	approach	chosen,	and	
to	Heithersay's	classification.

Among the materials used to restore the access and re-
pair the defect, which one has shown the better outcome, 
in relation to the approach chosen, and to the Heithersay 
classification?

The	 dental	 material	 chosen	 most	 often	 to	 restore	
teeth	 were	 the	 calcium	 silicate-	based	 cements	 (bioac-
tive	 endodontic	 cements;	 BECs)	 used	 in	 combination	
with	composite	resins	(42%),	or	alone	(32%),	followed	by	
glass	 ionomer	 cements	 (GICs)	 (pure	 or	 resin-	modified)	

Authors Patient Age Gender Tooth Classification
Treatment 
Approach Removal of resorption Filling material/s

Medical and 
dental history

Intraoral clinical 
examination

2D 
X- rays

3D 
X- rays

Clinical 
follow- up

Rx 
follow- up

Follow- up 
(months) Outcome

Nikolidakis	et	al.,	2008	[107] A 46 M 13 H*:	2 Ext	surg EXC GIC Yes Part Yes No Yes Yes 36 Suc

A 46 M 23 H*:	2 Ext	surg EXC GIC Yes Part Yes No Yes Yes 36 Suc

A 46 M 33 H*:	3 Ext	surg EXC GIC Yes Part Yes No Yes Yes 36 Suc

Park	and	Lee,	2008	[108] A 28 M 45 H*:	3 Int EXC MTA Yes Yes Yes No Yes Yes 27 Suc

Gonzales	and	Rodekirchen,	
2007	[61]

A 27 M 12 H*:	2 Int	+	ext EXC RMGIC Part Yes Yes No Yes Yes 24 Suc

Heithersay,	2007	[18] A 21 F 11 H:	2 Ex	no	sur EXC	+	90%	TCA GIC Part Part Yes No Yes Yes 60 Suc

Hata	et	al.,	2007	[50] A 11 M 42 H*:	2 Ex	no	sur EXC CH	+	CR Yes Part Yes No Yes Yes 36 Suc

Patel	and	Dawood,	2007	[109] A 32 M 45 H*:	2 Ext	surg EXC GIC Yes Part Yes Yes Yes Yes 12 Suc

Smidt	et	al.,	2007	[48] A 22 F 12 H:	3 Ext:	o	+	s EXC	+	90%	TCA GIC Part Part Yes No Yes Yes 42 Suc

Jensen,	2006	[110] A 40 M 46 H:	½ Int EXC	+	90%	TCA GIC Yes Yes Yes No Yes Yes 12 Suc

Baratto-	Filho	et	al.,	2005	[111] A 23 M 22 H:	4 Int EXC	+	Ca(OH)2	+	1%	NaOCl MTA	+	GIC Part Part Yes No Yes Yes 24 Suc

Patel	et	al.,	2002	[112] A 29 M 21 H*:	2 Ext	surg EXC GIC Yes Yes Yes No No Yes 36 Suc

Hokett	and	Hoen,	1998	[37] A 28 F 24 H*:	3 Ext	surg EXC IRM Yes Part Yes No Yes Yes 24 Suc

Montgomery,	1984	[36] A 21 M 21 H*:	2 Int EXC	+	Ca(OH)2	+	CAMPH	CHLF P&C Yes Part Yes No Yes Yes 78 Suc

Note:	Patients:	A	indicate	the	first	case,	followed	by	B,	C,	D	etc.	when	the	article	reported	more	than	one	case.
Age:	age	of	the	patient	at	the	time	of	diagnosis.
Gender:	M,	male;	F,	female;	Ns,	not	stated.
Classification:	H:	Heithersay's	classification,	H*:	Heithersay's	classification	assigned	by	reviewers	P:	Patel's	classification;	O:	Others'	classification.
Treatment	approach:	INT	+	EXT	=	internal	+	external,	EXT	SURG	=	external	surgical,	INT	=	internal,	MON	=	monitoring,	INT	REP	=	intentional	replantation,		
EXT:	O	+	S	=	external:	orthodontic	+	surgical,	EX	NO	SUR	=	external	not	surgical.
Removal	of	resorption:	Ca(OH)2	PT,	calcium	hydroxide	paste;	CAMPH	CHLF,	camphorated	chloramphenicol;	CARNOY'S	SOLUTION,	Carnoy's	solution;		
CHX,	chlorhexidine;	EXC,	excavation;	H2O2,	hydrogen	peroxide;	MTA,	mineral	trioxide	aggregate	cement;	NONE,	no	treatment;	NS,	not	stated;		
PHTDYN,	photodynamic	protocol;	x%	EDTA,	x%	ethylenediaminetetraacetic	acid	solution;	x%	NaOCl,	x%	sodium	hypochlorite	solution;		
x%	TCA,	x%	trichloroacetic	acid	aqueous	solution.
Filling	material/s:	AMALGAM,	alloy	of	mercury	and	silver;	BIOD,	Biodentine™;	Ca(OH)2	PT,	calcium	hydroxide	paste;		
CEMC,	calcium-	enriched	mixture	cement;	CH	+	x,	calcium	hydroxide	+	x;	CR,	composite	resins;	FCOM,	flowable	composite;	GIC,	glass	ionomer	cement;		
GP	+	PCH	RCS,	gutta-	percha	+	polymeric	calcium	hydroxide	root	canal	sealer;	GP	+	RBS	+	FC,	gutta-	percha	+	resin-	based	sealer	+	flowable	composite;		
GP	+	RBS,	gutta-	percha	+	resin-	based	sealer;	IRM,	intermediate	restorative	material	cement;	LCC,	light-	cured	compomer;	MTA	+	FC,	mineral	trioxide		
aggregate	cement	+	flowable	compomer;	MTA,	mineral	trioxide	aggregate	cement;	NONE,	no	filling/s;	P&C,	post	and	crown;	RMGIC,	resin-	modified		
glass	ionomer	cement;	SUPER	EBA,	zinc	oxide	eugenol	cement	reinforced	with	ethoxy	benzoic	acid	(EBA);	TPC,	temporary	post	crown.
Outcome:	EXT,	extracted;	NS,	not	stated;	SUC,	successful.

T A B L E  1  (Continued)
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   | 11MANAGEMENT OF ECR, A SYSTEMATIC REVIEW

(23%),	composite	resins	(12%),	amalgam	and	the	associ-
ation	of	two	or	more	(28%),	mostly	BECs-	based	products	
(Table S6).	In	external	surgical	interventions,	BECs	were	
reported	more	frequently	followed	by	GICs,	two	or	more	
products	 and	 composites.	 Amalgam	 was	 seldom	 used.	
BECs+composite	and	GIC	were	used	frequently	also	 in	
external	 non-	surgical	 treatments	 and	 in	 the	 combined	
approach.	The	use	of	BECS	was	more	often	reported	for	
the	internal	management	of	ECR,	followed	by	the	asso-
ciation	 of	 other	 products,	 including	 gutta-	percha	 and	
sealers	 and	 GIC.	 Lesions	 classified	 as	 H2	 and	 H3	 were	
restored	predominantly	with	BECs	alone	(41%)	or	in	as-
sociation	with	bonded	restorations	followed	by	GIC	and	
composites,	whereas	H4	defects	were	almost	always	re-
stored	 with	 BECs	 (57%),	 followed	 by	 gutta-	percha	 and	
sealer	and	GIC	(Table S6).

Since	99%	of	the	cases	included	in	this	review	claimed	
a	 favourable	 outcome	 after	 a	 minimum	 follow-	up	 of	
12	months,	no	material	used	to	repair	 the	defect	was	as-
sociated	 with	 a	 superior	 clinical	 and	 radiographic	 out-
come,	 in	relation	 to	 the	approach	and	 to	 the	Heithersay	
classification.

DISCUSSION

The	clinical	management	of	ECR	aims	to	retain	the	af-
fected	teeth	in	a	healthy,	functional	and	aesthetic	state	
[7].	However,	 there	 is	often	disagreement	between	 the	
various	 dental	 specialties	 and	 even	 within	 the	 same	
group	 of	 specialists	 [3]	 regarding	 the	 best	 clinical	 ap-
proach	 to	 manage	 the	 condition.	 According	 to	 recent	

Authors Patient Age Gender Tooth Classification
Treatment 
Approach Removal of resorption Filling material/s

Medical and 
dental history

Intraoral clinical 
examination

2D 
X- rays

3D 
X- rays

Clinical 
follow- up

Rx 
follow- up

Follow- up 
(months) Outcome

Nikolidakis	et	al.,	2008	[107] A 46 M 13 H*:	2 Ext	surg EXC GIC Yes Part Yes No Yes Yes 36 Suc

A 46 M 23 H*:	2 Ext	surg EXC GIC Yes Part Yes No Yes Yes 36 Suc

A 46 M 33 H*:	3 Ext	surg EXC GIC Yes Part Yes No Yes Yes 36 Suc

Park	and	Lee,	2008	[108] A 28 M 45 H*:	3 Int EXC MTA Yes Yes Yes No Yes Yes 27 Suc

Gonzales	and	Rodekirchen,	
2007	[61]

A 27 M 12 H*:	2 Int	+	ext EXC RMGIC Part Yes Yes No Yes Yes 24 Suc

Heithersay,	2007	[18] A 21 F 11 H:	2 Ex	no	sur EXC	+	90%	TCA GIC Part Part Yes No Yes Yes 60 Suc

Hata	et	al.,	2007	[50] A 11 M 42 H*:	2 Ex	no	sur EXC CH	+	CR Yes Part Yes No Yes Yes 36 Suc

Patel	and	Dawood,	2007	[109] A 32 M 45 H*:	2 Ext	surg EXC GIC Yes Part Yes Yes Yes Yes 12 Suc

Smidt	et	al.,	2007	[48] A 22 F 12 H:	3 Ext:	o	+	s EXC	+	90%	TCA GIC Part Part Yes No Yes Yes 42 Suc

Jensen,	2006	[110] A 40 M 46 H:	½ Int EXC	+	90%	TCA GIC Yes Yes Yes No Yes Yes 12 Suc

Baratto-	Filho	et	al.,	2005	[111] A 23 M 22 H:	4 Int EXC	+	Ca(OH)2	+	1%	NaOCl MTA	+	GIC Part Part Yes No Yes Yes 24 Suc

Patel	et	al.,	2002	[112] A 29 M 21 H*:	2 Ext	surg EXC GIC Yes Yes Yes No No Yes 36 Suc

Hokett	and	Hoen,	1998	[37] A 28 F 24 H*:	3 Ext	surg EXC IRM Yes Part Yes No Yes Yes 24 Suc

Montgomery,	1984	[36] A 21 M 21 H*:	2 Int EXC	+	Ca(OH)2	+	CAMPH	CHLF P&C Yes Part Yes No Yes Yes 78 Suc

Note:	Patients:	A	indicate	the	first	case,	followed	by	B,	C,	D	etc.	when	the	article	reported	more	than	one	case.
Age:	age	of	the	patient	at	the	time	of	diagnosis.
Gender:	M,	male;	F,	female;	Ns,	not	stated.
Classification:	H:	Heithersay's	classification,	H*:	Heithersay's	classification	assigned	by	reviewers	P:	Patel's	classification;	O:	Others'	classification.
Treatment	approach:	INT	+	EXT	=	internal	+	external,	EXT	SURG	=	external	surgical,	INT	=	internal,	MON	=	monitoring,	INT	REP	=	intentional	replantation,		
EXT:	O	+	S	=	external:	orthodontic	+	surgical,	EX	NO	SUR	=	external	not	surgical.
Removal	of	resorption:	Ca(OH)2	PT,	calcium	hydroxide	paste;	CAMPH	CHLF,	camphorated	chloramphenicol;	CARNOY'S	SOLUTION,	Carnoy's	solution;		
CHX,	chlorhexidine;	EXC,	excavation;	H2O2,	hydrogen	peroxide;	MTA,	mineral	trioxide	aggregate	cement;	NONE,	no	treatment;	NS,	not	stated;		
PHTDYN,	photodynamic	protocol;	x%	EDTA,	x%	ethylenediaminetetraacetic	acid	solution;	x%	NaOCl,	x%	sodium	hypochlorite	solution;		
x%	TCA,	x%	trichloroacetic	acid	aqueous	solution.
Filling	material/s:	AMALGAM,	alloy	of	mercury	and	silver;	BIOD,	Biodentine™;	Ca(OH)2	PT,	calcium	hydroxide	paste;		
CEMC,	calcium-	enriched	mixture	cement;	CH	+	x,	calcium	hydroxide	+	x;	CR,	composite	resins;	FCOM,	flowable	composite;	GIC,	glass	ionomer	cement;		
GP	+	PCH	RCS,	gutta-	percha	+	polymeric	calcium	hydroxide	root	canal	sealer;	GP	+	RBS	+	FC,	gutta-	percha	+	resin-	based	sealer	+	flowable	composite;		
GP	+	RBS,	gutta-	percha	+	resin-	based	sealer;	IRM,	intermediate	restorative	material	cement;	LCC,	light-	cured	compomer;	MTA	+	FC,	mineral	trioxide		
aggregate	cement	+	flowable	compomer;	MTA,	mineral	trioxide	aggregate	cement;	NONE,	no	filling/s;	P&C,	post	and	crown;	RMGIC,	resin-	modified		
glass	ionomer	cement;	SUPER	EBA,	zinc	oxide	eugenol	cement	reinforced	with	ethoxy	benzoic	acid	(EBA);	TPC,	temporary	post	crown.
Outcome:	EXT,	extracted;	NS,	not	stated;	SUC,	successful.
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ESE	 guidelines,	 treatment	 options	 depend	 on	 the	 ex-
tent,	nature	and	accessibility	of	 the	defect	and	 include	
external	 or	 internal	 repair	 of	 the	 resorptive	 defect	 (±	
root	canal	treatment)	and	intentional	replantation	[31].	
Periodic	review	or	immediate	extraction	is	also	consid-
ered	an	option	for	managing	untreatable	teeth	[7].	Other	
protocols	 reported	were	based	either	on	 the	accessibil-
ity	and	 feasibility	of	effectively	 isolating	 the	 resorptive	
lacunae	or	on	both	the	previous	points	with	the	addition	
of	the	size	of	the	portal	of	entry	of	the	lesion	and	its	cir-
cumferential	extension,	as	the	discriminating	factors	for	
choosing	specific	treatment	approaches	[23,	32].

This	study	was	designed	to	assess	whether	the	choice	
of	 the	 external	 rather	 than	 internal	 and	 combined	 ther-
apeutic	 approach	 influenced	 the	 outcome	 of	 ECR,	 in	 a	
general	population	of	patients.	The	articles	which	met	the	
inclusion	criteria	were	all	case	series	and	case	reports,	a	
situation	that	creates	an	inherent	bias;	nevertheless,	it	was	
decided	to	perform	the	review,	as	randomised	clinical	tri-
als	were	not	available.

Most	articles	examined	provided	a	clear	description	of	
the	demographic	characteristics,	medical	history	and	clin-
ical	condition	of	the	patients,	and	all	reported	the	diagno-
sis	of	the	resorptive	condition,	the	treatment	procedures,	
their	results	and	the	post-	intervention	clinical	assessment	
(Table 1).

Even	 if	 some	 significant	 publications	 were	 writ-
ten	 before	 2000s	 [33–	37],	 the	 majority	 of	 reports	 were	
published	between	2010	and	2021,	which	may	 imply	a	
greater	awareness	of	the	disease	more	recently	through	
clinical	presentations,	chapters	 in	books,	 the	availabil-
ity	 of	 advanced	 diagnostic	 techniques	 (use	 of	 magni-
fication,	 CBCT),	 better	 awareness	 of	 the	 potential	 for	
successful	 treatment,	possible	 increase	 in	predisposing	
factors	and,	potentially,	an	increase	in	ECR	cases	during	
the	last	10	years	[7,	38].

However,	the	reports	selected	do	not	reflect	the	total-
ity	of	the	reports	in	the	literature,	as	many	were	rejected	
because	they	did	not	comply	with	the	inclusion	criteria.

A	 substantial	 amount	 of	 additional	 information	 on	
ECR	was	also	obtained	writing	this	review.

Importantly	and	of	concern,	was	the	fact	that	a	range	
of	 terminology	 was	 used	 to	 describe	 the	 resorptive	 pro-
cesses	 that	 were	 named	 in	 10	 different	 ways	 (Table  1):	
ECR—	external	cervical	resorption;	ECRR—	external	cer-
vical	root	resorption;	CER—	cervical	external	resorption;	
EIRR—	external	 invasive	root	 resorption;	ERR—	external	
resorption/external	 root	 resorption;	 IRR—	invasive	 root	
resorption;	 ICRR—	invasive	 cervical	 root	 resorption;	
ICERR—	invasive	cervical	external	root	resorption;	ITR—	
internal	 tunnelling	resorption.	ICR	(invasive	cervical	re-
sorption)	was	the	most	commonly	used	term.	This	finding	

suggests	the	need	for	an	international	agreement	on	uni-
versally	accepted	terminology.

In	 the	 reports,	 the	 H	 classification	 system	 was	 used	
more	frequently	to	describe	the	lesions,	probably	as	a	con-
sequence	 of	 the	 initial	 lack	 of	 CBCT	 technology.	 When	
the	P	classification	was	used,	it	was,	in	the	majority	of	the	
cases,	described	in	conjunction	with	the	H	system	[39–	41];		
only	in	two	cases	was	the	P	classification	used	alone	[42,	
43].	 It	 is	 important	 to	 emphasise	 that	 20	 out	 of	 the	 66	
reports	 included	 did	 not	 describe	 the	 classification	 but,	
interestingly,	 in	 23	 cases/teeth	 the	 reviewers	 were	 able	
to	 assign	 one	 (H),	 based	 on	 the	 information	 available	
(Table 1).	No	descriptions	of	H1	resorptions	were	found,	
probably	because	these	early	lesions	are	not	clinically	evi-
dent	and,	when	discovered,	are	often	treated	as	restorative	
cavities	 [2].	 Class	 H2	 and	 H3	 ECR	 lesions,	 as	 expected,	
were	the	most	represented	because	they	are	easier	to	visu-
alise	and	diagnose	[2]	(Table 1).

The	findings	of	this	review	draw	attention	to	the	need	
to	 clarify	 the	 characteristics	 of	 resorption	 in	 all	 clinical	
cases	which	are	reported,	in	order	for	readers	to	fully	un-
derstand	the	position	and	extent	of	the	lesion	and	how	it	
links	to	the	outcome	of	treatment.	The	only	examination	
that	 was	 used	 in	 all	 the	 cases	 to	 diagnose	 ECR	 was	 the	
periapical	 radiograph	 (one	 or	 more),	 confirming	 that	 it	
remains	the	preferred	baseline	diagnostic	tool	in	the	end-
odontic	 field	 [44].	 Periapical	 radiographs	 were	 comple-
mented	 with	 a	 CBCT	 examination	 in	 almost	 half	 of	 the	
reports,	in	particular	after	2010,	as	the	availability	of	this	
diagnostic	technique	increased	[6].	Needless	to	say,	three-	
dimensional	 imaging	 plays	 a	 key	 role	 in	 the	 diagnosis,	
classification	and	choice	of	the	best	therapeutic	approach	
in	ECR,	and	the	latest	reports	reviewed	are	encouraging	
because	 of	 the	 growing	 trend	 of	 incorporating	 CBCT	 in	
the	 first	 assessment	 of	 this	 condition.	 On	 the	 contrary,	
intra-	oral	periapical	radiographs	may	be	best	used	for	the	
follow-	ups	over	time,	which	will	respect	the	ALARA	prin-
ciples	[44].

The	overall	lack	of	standardised	information	in	most	
cases	 did	 not	 help	 in	 understanding	 the	 possible	 pre-
disposing	factors	for	the	pathologic	condition,	and	this	
should	become	a	major	focus	in	the	future	reports	[25,	
45].

The	 cases	 illustrated,	 highlighted	 that	 most	 treated	
teeth,	representing	H2,	H3	and	H4	seemed	to	have	a	 fa-
vourable	outcome	(Table 1),	but	it	must	be	considered	that	
34	reports	had	only	1	year	follow-	up.

As	a	basic	principle,	early	diagnosis,	good	access	to	the	
lesions,	debridement,	 inactivation	of	 the	resorption,	and	
restoration	of	 the	defect	are	considered	 the	premises	 for	
successful	 outcomes	 in	 ECR,	 and	 diverse	 approaches	 to	
treat	the	lesions	have	been	described	[1,	2].
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Answers to the focused questions

Among the approaches used to treat ECR, which one has 
shown the better outcome, in relation to the Heithersay 
classification?

Interestingly,	as	written	 in	the	results,	not	one	of	 the	
techniques	 appeared	 to	 be	 more	 effective.	 An	 external	
surgical	intervention	was	reported	most	often	in	the	treat-
ment	of	ECR	lesions	and	was	highly	correlated	with	H3	
cases	(Table 1).	This	approach	was	considered	where	the	
lesions	were	wide	and	could	be	better	reached	externally	
and	was	considered	advantageous	to	prevent	unnecessary	
root	canal	treatments	and	to	allow	a	more	effective	clean-
ing	of	these	lesions	[23].	Additionally,	this	modality	would	
allow	for	pulp	capping	options	when	resorptive	tissues	are	
in	close	proximity	to	the	pulp	space	and	the	PRRS	is	dis-
rupted	[22].	On	 the	contrary,	depending	on	 the	 location	
and	size	of	the	defect,	the	amount	of	periodontal	support	
that	should	be	removed	for	surgical	intervention	must	al-
ways	 be	 considered	 carefully	 [3].	 Furthermore,	 surgical	
treatment	 should	 be	 avoided	 when	 resorptive	 lacunae	
have	an	entirely	proximal	location	to	prevent	periodontal	
damage	[32].

Orthodontic	 extrusion	 (OE)	 was	 described	 as	 an	 at-
tractive	alternative	to	surgery	for	exposing	the	ECR	defect	
while	 preserving	 the	 osseous	 and	 gingival	 architecture	
[23,	 27,	 46–	48].	 Smidt	 et	 al.	 carried	 out	 the	 orthodontic	
extrusion	of	tooth	12	(H3)	with	two	fiberotomies	followed	
by	 a	 post	 and	 core	 prosthetic	 restoration	 and	 described	
the	procedure	as	rapid,	successful	and	a	better	choice	to	
prevent	attachment	loss	[48].	In	all	the	other	cases,	ortho-
dontic	 extrusion	 was	 uneventfully	 achieved	 in	 different	
modalities	and	over	various	time	frames:	from	80	days	to	
3	months,	to	1	year,	but	without	performing	the	fiberoto-
mies.	Among	the	disadvantages	of	OE,	it	was	pointed	out	
that,	once	extrusion	had	been	completed,	a	crown	length-
ening	 procedure	 or	 a	 surgical	 flap	 was	 still	 required	 to	
treat	the	lesion	[23,	46,	47].

Intentional	 replantation	 was	 considered	 an	 extreme	
choice	when	access	to	the	lesion	was	not	feasible	from	a	
direct	approach	[23].	However,	this	option	poses	the	same	
problem	as	orthodontics	because	of	the	trauma	generated	
to	the	periodontal	ligament	by	extraction	[5].

External	non-	surgical	repair,	reported	only	for	those	le-
sions	confined	to	the	cervical	region,	has	the	advantage	of	
being	conservative	in	nature,	not	requiring	surgical	flaps	
or	root	canal	treatment	if	the	pulp	is	vital	[18,	49–	51].

Lesions	with	small	portals	of	entry	and	large	internal	
extension,	were	deemed	 to	 represent	 the	best	 indication	
for	using	an	internal	access,	and	it	was	mostly	adopted	in	
advanced-	stage	H4	lesions	[23,	52]	 thus	 limiting	the	un-
necessary	removal	of	intact	tooth	tissue	[23]	and	alveolar	
bone	[3,	53].

Root	canal	treatment	was	considered	necessary	within	
the	internal	access	to	ECR	[21],	either	when	the	pulp	was	
involved,	or	simply	because	it	made	it	easier	to	reach	the	
resorptive	 tissue	 from	inside	 the	 tooth	[54].	Considering	
that	 in	 many	 cases	 of	 ECR,	 there	 is	 no	 communication	
between	the	resorption	and	the	root	canal,	and	the	pulp	
is	healthy,	several	of	the	most	recent	reports	successfully	
used	 a	 conservative	 treatment	 based	 on	 partial	 internal	
excavation	of	the	invasive	tissue	[53,	55],	combined	with	
different	 types	 of	 vital	 pulp	 therapy,	 when	 needed	 [56]	
thus	linking	the	intervention	to	the	most	recent	protocols	
of	pulp	preservation	[57].	Noticeably,	with	respect	to	this	
aspect,	 Irinakis	et	al.	 [26],	 in	a	 recently	published	retro-
spective	cohort	study,	indicated	that	the	treatment	of	ECR	
had	 lower	 failure	 rates	 when	 the	 cases	 presented	 a	 root	
canal	 treatment	 alone	 or	 in	 conjunction	 with	 the	 repair	
of	the	lesion.

Finally,	ECR	was	often	treated	using	both	internal	and	
external	accesses	(Table 1)	when	clinicians	felt	the	lesion	
could	be	addressed	better	surgically,	but	the	tooth	also	re-
quired	root	canal	treatment,	and	the	pulp	chamber	did	not	
communicate	with	the	invasive	tissue	[54,	58,	59].

The	additional	external	intervention	could	represent,	in	
these	situations,	an	alternative	to	incorporating	the	lesion	
within	the	endodontic	space,	with	the	aim	to	prevent	tis-
sue	removal	inside	the	tooth,	as	seen	in	some	reports	[52].	
Combined	access	was	also	used	when,	while	performing	
external	cleaning	of	the	lacunae	[60],	further	extension	to	
the	root	canal	became	necessary,	or	when,	following	RCT,	
there	was	the	need	to	better	control	the	margins	of	the	res-
toration	[32].	 In	other	circumstances,	surgical	 treatment	
following	RCT	was	associated	with	the	aesthetic	contour	
of	the	gingiva	in	anterior	teeth	[61]	(Table 1).

Among the methods used to remove/inactivate the re-
sorptive tissue, which one has shown the better outcome, 
in relation to the approach chosen, and the Heithersay 
classification?

Based	on	this	review,	no	methods	used	to	remove	the	
resorptive	 tissue	were	associated	with	a	 superior	perfor-
mance	when	treating	ECR.

In	 his	 original	 protocol,	 Heithersay	 showed	 excellent	
and	consistent	clinical	results	using	TCA	in	a	90%	aqueous	
solution	as	inactivating	agent,	to	complement	the	mechan-
ical	removal	of	the	invading	tissue	[27].	Actually,	in	most	
of	 the	cases	examined	 in	 this	 review,	 tissue	removal	was	
performed	 with	 a	 slow-	speed	 bur	 alone,	 especially	 when	
the	lesions	were	treated	externally	or	with	both	approaches	
(Table  1).	 Ultrasound	 [32,	 40,	 52]	 and	 sonic	 instruments	
[52,	 54]	 with	 continuous	 water	 irrigation	 were	 also	 de-
scribed	as	optimal	options	for	removing	bleeding	or	hard	
invasive	tissue.	Thus,	based	on	the	many	reports	examined,	
mechanical	debridement	alone	seemed	to	lead	to	adequate	
field	control	and	good	prognosis,	even	without	the	use	of	
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an	inactivating	agent	 in	most	H	classes.	Moreover,	while	
some	authors	considered	the	fibro-	osseous	ingrowth	of	tis-
sue	within	the	lacunae	as	a	repair	process,	others	deemed	
it	necessary	to	remove	mechanically	this	tissue	entirely	[1,	
38],	under	magnification	and	good	 illumination,	without	
damaging	the	adjacent	hard	tissues	[20,	52].

The	preference	of	burs,	ultrasonic	 tips	or	sharp	exca-
vators	 as	 seen	 in	 this	 review	 was	 confirmed	 in	 a	 recent	
publication	[25].

Conversely,	in	non-	surgical	internal	treatment,	since	it	
is	almost	impossible	to	eliminate	all	contents	of	the	pene-
trating	channels	mechanically	[23],	it	becomes	crucial	to	
rely	on	a	chemical	agent	to	remove	the	remaining	patho-
logical	tissue,	which,	if	partially	left,	may	continue	the	re-
sorptive	process	[27,	53,	55,	56].

When	a	chemical	agent	was	chosen	(Table 1),	TCA	in	a	
90%	aqueous	solution	was	the	preferred	agent	to	promote	
coagulation	 necrosis	 of	 the	 hyperplastic,	 invasive	 tissue,	
with	the	recognised	additional	action	that	it	can	penetrate	
the	 least	 accessible	 recesses	 within	 the	 affected	 teeth	 to	
cauterise	the	residual	tissue	communicating	with	the	peri-
odontal	ligament	[27].	The	possible	limitations	of	its	use	
were	attributed	to	the	fact	that	 it	may	accidentally	dam-
age	the	surrounding	soft	tissues	[27]	whenever	predictable	
rubber	dam	isolation	is	not	feasible	[3].	Moreover,	it	was	
observed	 that	 dentine	 conditioned	 with	 TCA	 undergoes	
deep	 demineralisation	 that	 affects	 adhesion,	 it	 was	 thus	
recommended	that	the	exposed	tooth	surface	is	refreshed	
with	a	bur	before	final	restoration	[3].

Calcium	hydroxide	was	the	second	most	popular	mate-
rial	described	(Table 1),	applied	as	a	dressing,	or	slowly	re-
leased	from	bioactive	materials,	it	supposedly	inactivated	
the	 invasive	 tissue	 within	 the	 lacunae	 even	 after	 partial	
excavation	[23,	53,	62].	 In	cases	of	difficult	 isolation,	1%	
[63]	to	6%	[63,	64]	sodium	hypochlorite	was	used	similarly	
to	TCA,	sometimes	activated	with	ultrasound	[52],	or	re-
freshed	 frequently	 at	 the	 site	 to	 dissolve	 the	 tissue	 rem-
nants	[64].	An	effective	combination	was	obtained	using	
calcium	hydroxide	compounds	and	sodium	hypochlorite	
during	treatment	[53]	(Table 1).

Among the materials used to restore the access and re-
pair the defect, which one has shown the better outcome, in 
the context of the clinical approach and on the Heithersay 
classification?

Based	on	the	outcome	of	this	review,	none	of	the	mate-
rials	used	in	the	reports	exhibited	a	superior	performance	
when	treating	ECR.

Bioactive	 endodontic	 cements	 were	 mentioned	 more	
often	to	restore	ECR	defects	[65]	(Table 1).	In	particular,	
mineral	trioxide	aggregate,	MTA™	and	Biodentine™	were	
popular	for	restoring	H2,	H3	and	H4	cavities,	when	com-
municating	with	 the	periodontium	and	were	chosen	be-
cause	of	their	physical	properties	such	as	good	adaptation	

to	 moisture	 conditions,	 biocompatibility,	 sealing	 ability	
and	hard	tissue	conductivity	[66–	69]	(Table 1).

Their	 drawbacks,	 including	 slight	 tooth	 discoloration	
and	 low	 resistance	 to	 abrasion	 [70],	 were	 addressed	 by	
avoiding	 placing	 the	 materials	 above	 the	 crestal	 bone	 or	
by	covering	the	supragingival	part	of	the	restoration	with	
composite	 resin	 for	 a	 durable	 and	 more	 aesthetic	 result	
[51,	 71].	 Glass	 ionomers	 (pure	 or	 resin-	modified)	 were	
also	chosen	for	their	advantages	of	adhering	to	tooth	struc-
tures,	releasing	fluorides,	good	seal	and	being	sufficiently	
hard	[3,	72].

Composite	resins	were	normally	used	upon	the	com-
pletion	 of	 ECR	 treatment	 to	 recreate	 the	 tooth	 anatomy	
and	restore	the	access	cavities	(Table 1).	More	recently,	it	
was	suggested	that	accurately	polished	nano-	hybrid	com-
posites,	extended	within	 the	biological	width,	may	pres-
ent	a	successful	clinical	outcome	conferring	a	well-	sealed	
restoration	with	a	significant	reduction	in	plaque	forma-
tion	 and	 the	 ‘minor’	 consequence	 of	 a	 virtual	 periodon-
tal	pocket	[23,	73].	Gutta-	percha	and	sealer	represented	a	
good	alternative	to	fill	H4	defects	(Table 1).

The	overall	favourable	outcome	of	the	cases	examined,	
(Table 1)	is	surely	partly	affected	by	the	short	follow-	up	
time	(36.38	months	average)	and	by	the	intrinsic	bias	of	
the	case	reports	as	the	source	of	information,	as	it	is	un-
clear	 whether	 the	 motivation	 for	 reporting	 a	 successful	
case	is	the	same	as	that	for	publishing	a	problematic	one.	
However,	in	the	current	review,	most	reports	were	classi-
fied	between	‘moderate’	and	‘high’	quality,	and	when	no	
higher	 level	 of	 evidence	 is	 available,	 case	 reports	 could	
still	bring	a	contribute	to	our	knowledge	[74].

Another	limitation	of	this	review	turned	out	to	be	that	
several	important	articles	could	not	be	included	in	the	re-
view	because	they	did	not	comply	with	the	inclusion	cri-
teria	which	required	the	therapeutic	management	of	each	
lesion	would	be	singularly	described	in	detail	[19,	25–	27].

Fortunately,	 these	 reports	could	be	used	at	 their	best	
to	 discuss	 our	 findings.	 As	 seen	 in	 the	 introduction,	 ac-
cording	to	Heithersay	the	treatment	of	ECR	shows	results	
ranging	 from	 very	 successful	 in	 H1	 and	 H2,	 to	 reason-
ably	 successful	 in	H3,	and	generally	unsuccessful	 in	H4	
cases [27].	These	lower	expectations	on	ECR	are	surely	in	
part	 related	 to	 the	minimum	follow-	up	period	of	3	years	
reported	by	the	author.	Jebril	et	al.,	[19]	estimated	that	the	
prognosis	 in	 surgical	 ECR	 cases,	 not	 including	 any	 H4,	
to	be	79%,	and	that	the	failures	related	to	the	progression	
of	 the	 resorption	 and	 lack	 of	 restorative	 integrity	 were	
attributed	to	the	extension	of	the	lesion.	Less	favourable	
treatment	 results,	 occurring	 8	years	 after	 the	 diagnosis	
of	ECR,	were	also	discussed	by	Irinakis	et	al.,	in	a	retro-
spective	clinical	study	[26].	They	also	observed	that	there	
was	no	significant	difference	in	the	success	of	managing	
ECR	whether	the	repair	was	external	or	internal,	 in	line	
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with	this	study,	as	was	the	selection	of	the	materials	used	
for	repairing	the	defects	[26].	Finally,	they	described	the	
posterior	tooth	location	and	higher	H	classes	as	the	local	
determinants,	 significantly	 associated	 with	 the	 worst	
treatment	outcomes	[26].

Following	 a	 clinical	 approach	 designed	 strategy,	
Mavridou	 et	 al.	 [25]	 concluded	 that	 pain,	 probing	 feasi-
bility	and	presence	of	bone-	like	tissue	were	also	 import-
ant	 predictor	 factors	 for	 clinical	 success.	 They	 further	
assessed	 the	 preference	 of	 using	 burs,	 ultrasonic	 tips	 or	
sharp	excavators,	for	the	removal	of	the	invasive	tissue,	as	
seen	in	this	systematic	review	[25].

The	 consequences	 of	 choosing	 to	 not	 intervene	 in	 a	
specific	 clinical	 situation	 of	 ECR	 were	 not	 evaluated	 in	
this	review.	Nevertheless,	the	option	of	not	repairing	some	
lesions	is	encouraged	by	the	result	from	Irinakis	et	al.,	[26]	
who	 found	 that	 there	 was	 a	 no	 significantly	 higher	 risk	
between	treatment	versus	tooth	monitoring	in	ECR.

According	to	the	present	study	there	is	no	single	best	
approach	 to	 manage	 ECR	 lesions,	 including	 the	 choice	
of	the	access,	the	method	to	remove	the	pathologic	tissue	
and	the	material	used	to	repair	the	damage.	These	results	
are	similar	to	what	has	emerged	from	a	classic	prospective	
and	recent	retrospective	clinical	reports	[19,	25–	27].

CONCLUSIONS

Within	the	limitation	of	including	only	case	reports/case	
series	to	extract	data,	no	single	method	or	material	used	to	
treat	ECR	defects	was	more	effective	in	achieving	predict-
able,	positive	results.

The	choice	of	treatment	for	class	H2,	H3	and	H4	lesions,	
depends	 on	 the	 extent	 of	 the	 lesion,	 its	 size	 and	 conse-
quently	its	accessibility.	However,	as	no	randomised	clinical	
trials	are	yet	available,	there	is	a	strong	need	for	specifically	
designed	 clinical	 studies,	 which	 will	 move	 the	 process	 of	
decision-	making	on	ECR	treatment	closer	to	establishing	a	
shared	protocol.	Furthermore,	it	is	important	to	develop	a	
standardised	definition	of	the	goal	of	treatment	for	this	rare	
condition	which	should	be	standardised	internationally.
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